Next-generation sequencing (NGS), also referred to as deep, high-throughput or massively parallel sequencing, is a powerful new tool that can be used for the complex diagnosis and intensive monitoring of infectious disease in veterinary medicine. NGS technologies are also being increasingly used to study the aetiology, genomics, evolution and epidemiology of infectious disease, as well as host-pathogen interactions and other aspects of infection biology. This review briefly summarises recent progress and achievements in this field by first introducing a range of novel techniques and then presenting examples of NGS applications in veterinary infection biology. Various work steps and processes for sampling and sample preparation, sequence analysis and comparative genomics, and improving the accuracy of genomic prediction are discussed, as are bioinformatics requirements. Examples of sequencing-based applications and comparative genomics in veterinary medicine are then provided. This review is based on novel references selected from the literature and on experiences of the World Organisation for Animal Health (OIE) Collaborating Centre for the Biotechnology-based Diagnosis of Infectious Diseases in Veterinary Medicine, Uppsala, Sweden.
Introduction
In recent decades, the classic direct diagnostic approaches of microbiology, i.e. virus isolation or bacterial cultivation followed by identification of the causative biological agents, have been increasingly replaced by a range of novel molecular techniques. These latter methods can detect and identify infectious agents in clinical samples containing viral or bacterial nucleic acids or other components such as proteins. Various molecular diagnostics methods can be used to detect and analyse genomic nucleic acid sequences of infectious agents. These include nucleic acid hybridisation assays, various gel-based and real-time polymerase chain reaction (PCR) systems, isothermal amplification approaches, and solid and liquid phase microarrays. Novel diagnostic and comparative genome sequencing techniques are also available for infectious agents. These methods, either alone or in combination, have resulted in a steady improvement in diagnostic capability and increasing research efforts into the infection biology of animal diseases.
Several examples of rapid developments in 'molecular diagnostics' (also termed 'biotechnology-based diagnostics') were previously reviewed by the World Organisation for Animal Health (OIE) Collaborating Centre for Biotechnology-based Diagnosis of Infectious Diseases in Veterinary Medicine in Uppsala, Sweden, with a special focus on the various methods of nucleic acid hybridisation and amplification (1, 2, 3) . This review will briefly introduce and discuss novel technologies and concepts relevant to nucleotide sequencing and comparative sequence analysis of the genomes of infectious agents. Examples of several techniques with practical applications in infection biology (including diagnostics) will be given, especially those targeting viral infectious agents. Expert opinion on the diagnostic applicability of comparative nucleotide sequence analysis methods in veterinary medicine will also be provided.
Sequencing technologies
Methods for determining nucleotide sequences are commonly referred to as 'sequencing technologies'. Obtaining genetic sequence information first became possible with the introduction of electrophoretic methods for DNA sequencing in the 1970s (4, 5) . Sanger sequencing, based on dideoxy chain-termination technology, quickly became the method of choice for DNA sequencing. Over the years, this method was refined and automated with the introduction of fluorophore labelling and multicapillary electrophoresis. Sanger sequencing has remained useful and is still considered the gold standard for many applications (6) . PCR, a technique for the selective amplification of DNA sequences in vitro, was later developed (7, 8) . Together, these techniques offer unprecedented possibilities for molecular diagnostics and the characterisation of infectious agents, and have thus had a profound impact on the study of infection biology.
Second-or next-generation sequencing
Sanger sequencing represented the 'first generation' of sequencing technologies; it was not surpassed until 2005, when 'second-generation' or next-generation sequencing (NGS) technologies became commercially available. This development was driven by a growing demand for faster and cheaper methods of sequencing the large genomes of mammals (9, 10) . Thus, NGS has become synonymous with high-throughput sequencing (HTS). Although a number of different NGS platforms are available (Table I) , each with a unique sequencing method, most share the same general strategy: clonal amplification of DNA templates on a solid support matrix, followed by sequencing via a cyclic process in massively parallel sequencing reactions (11, 12, 13) .
Using this approach, NGS technologies can determine thousands or millions of sequences concurrently. However, the generated sequences, referred to as 'reads', are typically rather short, ranging in length between 50 and 700 base pairs (bp). Longer sequences, known as 'contigs', are commonly obtained by assembling overlapping reads from sequence data using various bioinformatics tools (see below).
Since the introduction of NGS platforms, continuous developments and improvements have resulted in updated instruments with increased capacity to generate sequence data. Consequently, there has been a corresponding dramatic decrease in the cost per base (14, 15) . To suit the needs of most average-sized laboratories, less expensive bench-top instruments with reduced capacity but shorter run times have been developed (16, 17) . In this way, NGS-based methodologies for identifying and characterising infectious agents have become much more accessible to veterinary diagnostic and basic research laboratories.
A system based on pyrosequencing technology developed by 454 Life Sciences was the first commercially available NGS platform on the market. With relatively long sequence reads, it quickly became the HTS technology of choice for the discovery and de novo genome assembly of novel microorganisms (18, 19, 20) . However, despite technological improvements and the launch of a bench-top model, 454 sequencing systems were outcompeted by cheaper, more efficient alternatives, resulting in their discontinuation and the withdrawal of technical support from mid-2016. Illumina (formerly Solexa) is now recognised as the dominant HTS technology (21) . Using bridge PCR and sequencingby-synthesis, the Illumina product line now includes both high-capacity platforms (suitable for larger sequencing centres) and bench-top platforms (aimed at a wider range of laboratories and the clinical diagnostics market). Other current NGS platforms include SOLiD sequencers, based on oligonucleotide ligation and detection technology (11) , as well as the latest versions of Ion Torrent sequencers that use semiconductor-based hydrogen ion detection to monitor nucleotide incorporation during complementary strand synthesis (22) . These different technologies and their corresponding platforms are summarised in Table I .
Third-generation sequencing
More recently, 'third-generation' sequencing technologies have been introduced. These are characterised by long read lengths and the capability to determine the sequence of single molecules without prior amplification (23) . Two (25) . However, a number of competing platforms are also being developed for thirdgeneration sequencing. The most notable of these is the biological nanopore system, originally designed by Genia Technologies and recently acquired by Roche.
The first available third-generation platform was the PacBio RS II from Pacific Biosciences, which has proven to be suitable for whole-genome sequencing (WGS) of microbial genomes and the targeted sequencing of genomic regions of interest (26, 27, 28) . Recently, this company also launched the scalable Sequel system that can generate enough sequence data to enable the whole-genome de novo assembly of eukaryotic organisms. Both platforms can produce circular consensus sequencing reads with an average length of 10-15 kilobases (kb) and acceptable accuracy (29) . In contrast to the large, bulky sequencers produced by Pacific Biosciences, Oxford Nanopore Technologies initially launched a miniaturised DNA sequencing device, the MinION, in a portable pen-drive format. The MinION was released in an early access programme to initiate a community-driven improvement effort. This led to the generation of read lengths typically ranging from 5 to 50 kb and error rates of between ~5% and 40% (30, 31) . The PromethION, a larger desktop version scalable up to 48 flow cells, is scheduled for release, and an even larger modular system, the GridION, is being developed.
Although the first implementation of these technologies resulted in a lower throughput capacity compared with most second-generation sequencing platforms, they have several distinct advantages that make them attractive instruments for clinical laboratories and microbiology research. For example, the capability for real-time data analysis during the sequencing run is an important feature in time-critical applications such as investigating infectious outbreaks, as already demonstrated for viral pathogens (32) . Long read lengths have greatly simplified de novo genome assembly of novel organisms (33) , and the exceptionally long reads produced by the MinION have proven especially useful for hybrid assembly, i.e. when combining the results of two or more sequencing technologies (30) . In addition, the use of these platforms is not necessarily limited to DNA sequencing: SMRT sequencing can detect epigenetic modifications such as DNA methylation, which is an important virulence factor for pathogenic bacteria (34); and nanopore-based electronic systems are potentially useful for the direct detection of protein variants and post-translational modifications (such as phosphorylation) linked to pathogenicity (35, 36, 37) .
Sampling and sample preparation
The type and quality of specimens can greatly influence the outcome of molecular diagnostic methods. (38, 39) . Furthermore, the Genomic Standards Consortium (www. gensc.org) strongly recommends that contextual metadata should also be collected at the time of sampling to aid downstream data analysis and interpretation (40) .
To increase assay sensitivity and improve the recovery of whole-genome sequences, a variety of sample preparation protocols have been devised for infectious agent enrichment prior to sequencing. Common steps include homogenisation, filtration, ultracentrifugation and nuclease treatment, as well as nucleic acid extraction and pre-amplification (14) . Recently, strategies for in-solution capture enrichment of nucleic acids from known pathogen groups have also become popular. It is now feasible to selectively enrich for all known vertebrate viruses and their variants (41, 42) .
The target material retained after removing host-derived components and contaminants is often present in such small quantities that amplification is required before sequencing. This is especially the case when clinical samples and/or uncultivable microorganisms are investigated by direct sequencing. Pre-amplification can be performed as a separate step or during sequence library construction (i.e. the generation of platform-specific DNA templates) (43) . However, it is important to realise that amplification methods can introduce bias (44, 45, 46) . This is usually less important in the detection of infectious agents, when only a positive or negative result is required; however, amplification bias may adversely affect the recovery of whole-genome sequences.
In addition to pre-amplification, second-generation platforms also require the clonal amplification of sequence libraries to generate clusters of identical DNA fragments, which adds another potential source of error (47) . Although the lack of clonal amplification is considered one of the main benefits of third-generation sequencing, these methodologies require much more starting material (microgram rather than nanogram amounts of nucleic acids) for the efficient construction of sequence libraries.
Overcoming this problem would make them much more useful for investigating infectious agents.
Sequence analysis and comparative genomics
Bioinformatics is the use of computational methods for retrieving, analysing and storing biological data; it is an integral part of all sequencing applications. After the acquisition of sequencing data, a quality control step is typically performed to ensure that the downstream analysis is meaningful. This step is usually followed by screening to remove irrelevant sequence information derived from contaminants, host material or tag sequences (48, 49) . Sequence data can be analysed in various ways depending on the purpose of the investigation. The two most common are i) direct mapping against a closely related reference genome and ii) the de novo assembly of reads into longer contigs.
Although numerous algorithms have been developed for the direct mapping of sequence reads, all make different compromises between accuracy and speed (50) . The choice of algorithm and software should therefore be based on the specific application and the needs of the user (51) . Similarly, a variety of algorithms are available for de novo sequence data assembly. However, a common problem is the production of incomplete assemblies resulting from the use of short reads for complex repeat regions (52) . An effective solution to this problem is hybrid assembly that combines long but error-prone third-generation sequencing reads and high-quality HTS reads (53).
The steps described above are usually performed within bioinformatics pipelines, which function as workflow management systems designed to automatically direct the flow of sequence data between different software tools. These pipelines are typically customised for different applications, such as pathogen identification (54), metagenomic studies of microbiomes (55), whole-genome assembly (56, 57) and virus variant detection (58) . For all applications of genomic sequence data, comparison against known sequences is essential. Comparative genomic analyses facilitate taxonomic classification, functional annotation of genomes and the investigation of evolutionary processes at the molecular level (59). However, for highly divergent or previously unknown infectious agents, it may be necessary to search for remote homologues of protein sequences using methods based on protein sequence profiles, such as profile hidden Markov models (60) . Furthermore, to enable phenotypic traits, such as pathogenicity and virulence, to be assessed in comparative studies, it is important to use databases that include relevant phenotypic metadata for the deposited sequences (61) .
When planning sequence analysis based on HTS data and comparative genomics, it is necessary to remember that these are resource-intensive tasks. Dedicated high-end computer servers are typically required for the longrunning data processing pipelines required to convert raw data into biologically meaningful information packaged in a useful output format. A high-capacity storage solution is also needed for the large data volumes generated by the sequencing platforms and during analysis, and for local storage of recent copies of relevant databases. It is also important not to underestimate the manual interaction needed to manage output files, adjust processing parameters and interpret the data (62) . These are all well-known issues associated with this sequencing technology, and great efforts are being made to simplify workflows, automate analysis steps and implement intuitive graphical interfaces to make the technology more accessible to users with limited or no bioinformatics training (63, 64) . Even so, the storage of sequenced data remains a huge problem, because the amount of sequence data seems to increase much faster than storage capacity; therefore, data storage might not be indefinitely sustainable (65, 66) .
Applications of NGS and comparative genomics in veterinary medicine
In a previous review article published in the OIE Scientific and Technical Review, the authors summarised several recent applications and achievements of HTS in veterinary infection biology and diagnostics, including the recent achievements of the OIE Collaborating Centre, Uppsala, Sweden (14) . Various HTS techniques were described, along with their applications in veterinary diagnostic microbiology of infectious diseases in different categories of host animals. Examples in swine included detecting and identifying various infectious agents involved in complex diseases, such as post-weaning multisystemic wasting syndrome; detecting infection agents in mixed infections in enteric disease complexes; characterising porcine microbiota (bacterial and viral populations); and host-pathogen interactions. Examples of HTS-based investigations of infections and diseases in cattle and sheep included characterising and determining the phylogeny of new bluetongue virus variants; determining host viral population diversity; and detecting unknown and emerging new pathogens, most notably the Schmallenberg virus. Applications in diseases of poultry and other avian species were also discussed, including the characterisation and phylogenetic analysis of new variants of various viruses; the detection of unknown and 'unexpected' pathogens; investigations of poultry microbiota; host-pathogen interactions; and several aspects of vaccine development and quality control. In addition to pathogens restricted to a single host species (in the examples described above), multi-host pathogens were also discussed. The review mainly focused on rabies and related viruses, and examples of HTS applications included WGS of Ikoma lyssavirus (14) .
The information and discussions already published in the previous OIE review will not be repeated here; however, since it contains many important results, achievements and a long list of selected HTS references, it provides the conceptual background to the current review. As the present review mainly focuses on more recent achievements, these two reviews are complementary and it is recommended that they be read together.
Improved detection and characterisation of infectious agents and early diagnosis
The high biodiversity of infectious agents (such as orthomyxoviruses and paramyxoviruses) and the geographical movement of hosts (e.g. migrating birds or animals transported over continents for sport or touristic purposes) facilitate the distribution of various infectious agents and contribute to the development of new disease reservoirs. These factors also assist the spread of emerging infectious diseases, such as transboundary animal diseases. Since most classic diagnostic methods detect a limited group of infectious agents or have other limitations (e.g. many viruses do not replicate in cultured cells), it is possible that traditional diagnostic approaches will be ineffective in detecting and identifying some of the newly emerging variants of infectious agents.
Recently, HTS-based culture-independent assays have been developed for the non-specific (i.e. broad-target) detection of a wide range of infectious agents. Since these assays are designed to investigate the complete viral and/ or microbial genetic composition of a sample, they are referred to as metagenomic detection assays. 
Use of HTS in the field during outbreaks -'on-site' applications
In the coming years, sequencing technologies will be applied not only in central laboratories but also directly in the field during outbreaks and other manifestations of infectious diseases to significantly shorten the time to diagnosis. In addition, the biosafety level can be higher (no transportrelated risks), costs can be lower (no transport-related costs) and diagnoses may be more reliable (no transportrelated sample damage or target degradation) for 'on-site' applications than for sequencing in central laboratories.
Reliable on-site diagnosis helps health authorities to rapidly identify the infectious agents and apply specific control measures. A prompt, early diagnosis and rapid implementation of specific control measures can stop outbreaks or prevent their uncontrolled spread. Therefore, The authors reported that data analysis combined with epidemiological information can be used to retrospectively test the effectiveness of control measures, thus providing unprecedented insight into the evolution of ongoing viral haemorrhagic fever outbreaks (75) .
Although this example relates to EBOV and mainly focuses on human medicine (not the main subject of this review), the authors believe that it is important to present the latest developments of on-site HTS. Mobile laboratory facilities can similarly diagnose disease and analyse infectious agents (including zoonotic pathogens) in humans and animals. Thus, it is very likely that mobile laboratory units (or simpler sequencing equipment) will be used during disease outbreaks in animal populations in the near future. This is likely to greatly improve both human and veterinary medicine, as hypothesised above.
Microbiome analysis and between-species comparisons
High-throughput sequencing provides excellent tools to investigate the complex microbiomes of various host species. Analysis of microbiome composition provides valuable new information on various aspects of infection biology, such as co-infection with several infectious agents, the simultaneous presence of viral and bacterial subpopulations within a single organ, and the evolution and genomic stability of pathogens. This information will aid the development of novel diagnostic approaches and improve control measures. For example, HTS has been successfully used to study the collateral effects of antibiotic use on beneficial gut microbial communities (76) . Differences in the microbiome composition of various organ systems between healthy individuals and those with disease have also been demonstrated using HTS (reviewed by Hoffmann et al. [77] ). Furthermore, HTS-based investigations of the viromes of various mammals indicate that viruses can be viewed as part of the microbiome, interacting with and influencing the behaviour of commensal bacteria and other microbial agents (78) .
Characterisation and assessment of genetic diversity within and between viral populations
The latest sequencing technologies have opened up new possibilities for characterising the mutant spectra of viral quasispecies. Simultaneous advancements in ultra-deep HTS technologies and sophisticated bioinformatics tools have enabled low-frequency variants to be detected. Andino and Domingo recently reviewed the use of HTS to further our understanding of virus population dynamics, notably the 'occurrence of intra-mutant spectrum interactions, and the implications of fitness landscapes for virus adaptation and de-adaptation' (79) . The impact of coexisting viral subpopulations on disease development has also been assessed, for example in the highly heterogeneous porcine reproductive and respiratory syndrome virus (PRRSV). According to Lu et al., HTS-based whole-genome comparison of viral variants has identified functionally important regions of PRRSV and enabled its infection biology to be studied at unprecedented molecular resolution (80) .
Investigating the diversity of bacterial communities
The novel sequencing technologies have recently revolutionised various fields of microbiology: bacteriology shows a similar strong progress to that of virology. Since publication of the first two complete bacterial genome sequences in 1995, the science of bacteriology has dramatically changed. Bacterial genome sequencing is now considered a standard procedure; information from tens of thousands of bacterial genomes has altered our view of the bacterial world. A recent review by Land et al. illustrates the extensive diversity of bacterial communities using the genome sequences now available from 50 different bacterial phyla. It also summarises the many practical applications of novel sequencing technologies in bacteriology, such as genome-scale metabolic modelling, biosurveillance, bioforensics and infectious disease epidemiology (81) .
Complexity of infection biology, including responses to antimicrobial treatments and vaccination
High-throughput sequencing approaches provide excellent tools for studying the complexity of infection biology, including host-pathogen interactions, the genomic features involved in infectious agent transmission and host immune responses. For example, the role of pathogen genomics in assessing disease transmission was reviewed by Sintchenko and Holmes (82) . The authors discussed the new insights into disease spread and transmission obtained from WGS, particularly when combined with genomicscale phylogenetic analyses. The mechanisms of pathogen transmission were described, including their examination by various sequencing approaches.
Truong et al. described how the use of HTS in immunological research revealed differing immune responses in the intestinal mucosa of two inbred lines with necrotic enteritis (83) . In another application, the influence of host-targeted antiviral drugs (which inhibit viral replication) on viral evolution and diversity has been investigated by various research groups, including Plummer et al. in the case of dengue virus infection biology (84).
High-throughput sequencing is highly applicable to several aspects of vaccine development and control. For example, an HTS-based approach involving the Illumina MiSeq platform was used to investigate the phylogenetic relationship between the Rovac vaccine and other lapinised vaccines of classical swine fever. A comparative genetic analysis of near-complete genomes identified the Rovac vaccine as a possible ancestor of Russian vaccine strains but not of the C-strain vaccine (85) . Thus, the comparative analysis of large segments of viral genomes can advance the science of vaccinology, especially regarding the identity and origin of various virus strains used in vaccines. Another example concerns the use of vaccination to prevent disease caused by rapidly evolving RNA viruses, such as PRRSV. Novel sequencing technologies can now provide fast, reliable tools to confirm or exclude the possibility that vaccine reversion has occurred during severe disease outbreaks (86) . This is very useful for the successful design and implementation of eradication programmes.
HTS-based investigations into the composition and quality of pharmaceutical products and vaccines
Although not directly relevant to this review, it is worth mentioning the frequent use of HTS in other related biotechnological fields, for example the testing and control of pharmaceutical products and vaccines. These applications can have complementary or synergistic effects on pathogen diagnosis and control in veterinary infection biology.
These and related applications have been widely discussed in recent publications. For example, Dumarest et al.
described the viral diversity in the swine intestinal mucus used to manufacture heparin. Heparin is one of the main pharmaceutical products manufactured from raw animal material. To describe the viral burden associated with this raw material, researchers performed HTS on mucus samples collected from European pigs and destined for heparin manufacture They identified Circoviridae and Parvoviridae family members as the most prevalent contaminating viruses, together with viruses from the Adenoviridae, Anelloviridae, Astroviridae, Birnaviridae, Caliciviridae, Picornaviridae, and Reoviridae families. These investigations indicated the effectiveness of HTS and related bioinformatics in improving biosafety and both animal and human health (87) .
These examples convincingly show the capacity of HTSbased diagnostics to revolutionise veterinary and human medicine in the near future because of their speed and accuracy in detecting and identifying pathogens and their ability to provide essential information and support for rapid, effective treatment measures.
Discussion
There are two main approaches to the 'direct diagnosis' of infectious diseases: conventional diagnostic methods and molecular diagnostic methods. A major weakness is that, unlike classic virus isolation, most molecular diagnostic methods do not yield isolates or strains. This is a serious limitation for diagnostic research because it is essential to obtain new isolates and strains (for the reasons already discussed). However, molecular clones can sometimes be chemically synthesised from sequence data and transfected into cultured cells to recover viral strains. Nevertheless, for many viruses, we still lack the molecular tools for the in vitro generation of viruses.
It is important to emphasise the clear tendency over the last few decades for molecular diagnostic approaches to partially or fully replace conventional methods in most diagnostic laboratories. In many diagnostic laboratories, conventional diagnostic methods (e.g. virus isolation) have been completely lost. Molecular diagnostic approaches are replacing conventional methods because of their lower associated costs (e.g. of equipment, reagent costs and facilities) and the lack of available experts in conventional diagnostic techniques. Although this initially appears a reasonable progression, in the authors' opinion, a major strategic mistake is being made. Based on the experiences of the OIE Collaborating Centre in Uppsala (and of many of the authors' virology and bacteriology colleagues throughout the OIE network), the authors maintain that a combination of both conventional and novel molecular diagnostic techniques are needed to ensure a high level of diagnostic ability. They maintain that virus isolation is absolutely necessary because viral isolates and strains are needed to study viral infection biology, develop novel diagnostic assays and produce new vaccines, among other veterinary medicine tasks. Thus, the authors' recommendations are to:
-maintain conventional methods and make further improvements to these, even if they are costly -develop various molecular assays, for both specific (narrow-target) and non-specific (broad-target) detection -combine conventional and molecular approaches to improve existing diagnostic facilities -standardise and validate the various approaches by following OIE recommendations, and share information globally via the OIE network.
Today, various nucleotide sequencing-based approaches are directly improving multidisciplinary, complex diagnostic panels and are being coupled to conventional and/or novel molecular approaches. Virus isolates or strains obtained by classic methods can be directly investigated by WGS and comparative sequence analyses. This combined analysis is improving diagnostic approaches and providing deeper insight into infection biology in veterinary medicine.
Although the introduction and use of novel sequencingbased technologies is providing huge real and potential benefits in veterinary medicine today, some drawbacks and issues still need to be addressed. Most importantly, few (if any) HTS-based approaches have been validated for routine diagnostic use in veterinary medicine. Instead, they have mainly been used in research applications to identify novel infectious agents and investigate host-pathogen interactions or as adjuncts to provide more complete genetic characterisation (e.g. WGS). Nonetheless, it is important to consider using HTS-based approaches for diagnostic purposes in routine settings. The variety of available sequencing platforms and their proposed applications mean that validation is likely to be required in a platformand application-specific manner. It is also important to consider not only the sequencing technologies themselves but also all steps in the processes from sample collection to the final results of the bioinformatics analysis. A need for computational resources and structured data storage should also be considered before HTS-based methods are routinely applied in our laboratories (88) .
In summary, this review provides current and prospective views on the opportunities and challenges of novel sequencing technologies and comparative sequence analysis in veterinary medicine, with a particular focus on applications with a potential impact on disease diagnosis, control and management (89 Resumen La secuenciación de próxima generación, también denominada secuenciación profunda, de alto rendimiento o masivamente paralela, es una nueva y poderosa herramienta para efectuar diagnósticos complejos y vigilar muy de cerca enfermedades infecciosas complejas en el ámbito de la medicina veterinaria. Estas técnicas también se utilizan cada vez más para estudiar la etiología, genómica, evolución y epidemiología de las enfermedades infecciosas, así como las interacciones entre patógeno y anfitrión y otros aspectos de la biología de las infecciones.
Les technologies du séquençage de nouvelle génération sont également d'un grand secours pour étudier l'étiologie, la génomique, l'évolution et l'épidémiologie des maladies infectieuses ainsi que les interactions hôtes-agents pathogènes et bien d'autres aspects de la biologie des maladies infectieuses. Pour présenter les progrès et les accomplissements les plus récents dans ce domaine, les auteurs décrivent d'abord une série de techniques innovantes puis quelques exemples d'applications du séquençage de nouvelle génération dans le champ de la biologie des maladies animales infectieuses. Ils exposent un certain nombre d'étapes et de processus opérationnels régissant la sélection et la préparation des échantillons, l'analyse séquentielle et les études de génomique comparative, ainsi que ceux qui permettent d'améliorer la justesse prédictive de la génomique ; les exigences particulières de la bio-informatique sont également évoquées. Cette analyse est complétée par quelques exemples d'applications de l'analyse séquentielle et de la génomique comparative en médecine vétérinaire. Cette synthèse est basée sur une sélection de références bibliographiques récentes ainsi que sur l'expérience acquise par le Centre collaborateur de l'Organisation mondiale de la santé animale (OIE) pour le diagnostic basé sur la biotechnologie des maladies infectieuses en médecine vétérinaire, situé à Uppsala (Suède).
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Los autores resumen brevemente una serie de logros y adelantos obtenidos últimamente en este ámbito, presentando en primer lugar un conjunto de técnicas novedosas y ofreciendo después ejemplos de aplicaciones de la secuenciación de próxima generación a la biología de las infecciones veterinarias. También describen varios protocolos y procesos de trabajo para la obtención y preparación de muestras, el análisis de secuencias y las labores de genómica comparada, explican cómo mejorar la exactitud de la predicción genómica y examinan las herramientas bioinformáticas necesarias para ello. A continuación presentan ejemplos de aplicaciones basadas en técnicas de secuenciación y en la genómica comparada en medicina veterinaria. Este artículo está basado en referencias muy recientes, tomadas de publicaciones científicas, y en la experiencia del Centro Colaborador de la Organización Mundial de Sanidad Animal (OIE) para el Diagnóstico de las enfermedades infecciosas de la medicina veterinaria basado en la biotecnología, sito en Upsala (Suecia).
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